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Abstract

Managing large infrastructure projects is always a complex
issue, because they are often rapidly changing. They are also
nonlinear, unpredictable interconnected, interdependent,
multilateral, and these affect any planned and systematic
completion. Popular project management techniques often depend
on hierarchical structures and strict professional boundaries, to
manage such projects. However, they often fail to take advantage
of the ‘temporary’ systems that always exist and emerge to
respond to increasing complexities. The popular professional
techniques  overlook  the informal  self-organising  people’s
networks, although they offer unforeseen opportunities and
resources to manage large projects.

This paper examines this phenomenon and offers a case-
specific illustration of self-organising phenomenon in a large infra-
structure  project, using complexity theory as a theoretical
framework and social network analysis as an investigative lens.

The study findings substantiate that complex projects can be
observed and manged as self-organising systems that are delivered
through multi-layered social networks, comprising of multiple
actors. They demonstrate small-world topology similar to those
observed in diverse real-world self-organising systems. In
particular, their temporary and contextual nature, which forms due
to the continual evolution and decay of relationships, supporting
communication between project actors. Self-organising networks
represent the vehicle by which project complexity and uncertainty
are reduced, given their ability to facilitate information flow
necessary to achieve effective coordination and  problem
resolution.

Keywords: Large Construction Projects, Complexity Theory, Self-
organising Networks, Social Network Analysis (SNA)

Introduction

This article questions the effectiveness of the predetermined formal structures, giving
precedence to ongoing change over stability (Tsoukas and Chia, 2002). It examines the role of
informal communication in a large infrastructure project and presents self-organising as a
generative mechanism that could influence stability and change, and thus the (re)creation of
organisational informal structures over time. The paper aims to bridge the knowledge gap in
understanding the evolutionary nature of project organisational structures as they move

Journal of the International Society for the Study of Vernacular Settlements 1
Scopus Indexed Since 2016



https://orcid.org/0000-0001-9836-6008

ISVS e-journal, Vol. 10, Issue 4,

April, 2023

between different stages. This is done by demonstrating how the concept of self-organising
networks can be located within the contexts of managing complex projects. The examination
of this issue is timely given the increasing complexity of projects and the call for alternative
approaches to understand and analyse them. Undeniably, it will help the building practitioners
who struggle with complexities of managing large projects in their daily work.

The objective of this paper is to investigate the phenomenon of ‘self-organisation’ in
large construction projects. The research asks the question how the self-organising networks
can either support or constrain coordination in large construction projects. For this purpose, the
Complexity Theory (CT) and Social Network Analysis (SNA) are utilised in an empirical
setting, seeking to shed light on this issue. The research examines the case of the Bank Station
Capacity Upgrade (BSCU) Project which is a complex infrastructure project. Secondary data
was gathered through a Knowledge Transfer Partnership (KTP) between the University College
London (UCL) and Transport for London (TfL), as the project client.

Complexity Theory places great emphasis on the concepts of discontinuity, continuous
change, disorder, instability, nonlinearity, and unpredictability; yet it postulates that complex
systems also exhibit a greater degree of adaptability and resilience (Mitleton-Kelly, 2003). CT
is chosen to establish the theoretical framework because it has the potential to enrich the project
management area of this inquiry by expanding the application of the systems perspective to the
nonlinear operation of sufficiently complex, fragmented, diverse, and coordinated activities,
such as the management of large infrastructure projects (Pryke et al., 2018). Adaptability and
resilience in such complex systems is explained as an outcome of having a high degree of self-
organisation. This is a natural process that allows complex systems to acquire the characteristics
of flexibility, effectiveness, and adaptivity to continually adapt around the changing needs of
the project actors and the project itself over time (Pryke, 2017; Stacey, 1996). According to
Glass et al. (2020), such understanding is necessary under the current circumstances such as
globalisation and the pandemics, pushing the building industry towards rapid transformations.

The Complexity Theory has resulted in a paradigm shift when it was first introduced
to project management post-2000 (Bakhshi et al., 2016; Padalkar and Gopinath, 2016), but is
yet to be unpacked in its full potential to understand how it can be operationalised to understand
the reality of how projects are designed and delivered. This also responds to the growing interest
to bridge the theory-practice gap and to search for further theorisation capable of understanding
the growing complexity of projects, exploring patterns of emerging action in project
organisations, and the actualities of how projects are designed and manged (Winter et al., 2006;
Addyman, 2020).

Therefore, CT is complemented with a number of SNA tools to help reveal the
underlying interrelationships and the structure of BSCU project networks. Undeniably, such a
combination allows moving away from the relatively abstract conceptualisation of project
activities and delivery functions to a much more finely grained approach.

Drawing from an extensive review of the complexity theory and the project-based
network research, the philosophical underpinning of this paper is based on the following
assumptions that stem from the earlier academic work.

1. Projects are delivered through social networks, comprised of multiple

actors responding to the pressures of finding and information
dissemination in a highly uncertain environments (Pryke et al., 2018;
Chinowsky et al, 2010; Ruan et al, 2013). From a project
management perspective, this approach “views managing social
relationships as a means to manage and add value to, and through,
projects" (Smyth and Morris, 2007:425).

2. These networks evolve and naturally decay over time, influenced by
actors’ interactions and their network positions. Hence, this highlights
the pervasiveness of change and transformational nature in
organisations/networks, and the intrinsic flux of human actions
(Tsoukas and Chia, 2002; Pasian, 2015; Magoon, 1977).
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3. A huge emphasis is placed on the context of a project being
investigated and how it influences and shapes the relationships
between the project team, leading to self-organisation as an emergent
property. Hence, adopting an ‘organisational becoming’ perspective
which means that projects, and the coordination process, as a social
phenomenon are continually being created from the consequent actions
of those actors involved (Bryman, 2016; Grove et al., 2018). This
places social interactions as the primary locus of social order. Tsoukas
and Chia advocate that ‘change is ontologically prior to organization’,
while ‘organization is an outcome, a pattern, emerging from the
reflective application of the very same rules in local contexts over
time’(2002:570).

4. This entails adopting a Network Approach to managing and
understanding projects. This is facilitated by Social Network Analysis
(SNA) as a research analytical method. SNA entails turning our
thinking from artificial boundaries imposed by the traditional
hierarchies and procurement terms (such as project phases, contracts
and subcontracts, organisational charts) towards the idea of viewing
the values delivered to the clients and stakeholders as a product
generated by the networks of relationships, that usually span
organisational and project-related boundaries (Pryke, 2012). Hence, it
provides insights into the invisible self-organising aspects of the
projects, focusing on the actors, their activities and interactions, rather
than using fixed hierarchical models (Blomquist et al., 2010).

The paper is organised as follows: the theoretical background is set out in the first part
by discussing the network approach in relation to understanding projects, the application of the
Complexity Theory and the concept of self-organisation as a means to understand project
networks. The SNA terminologies and research methods are then explained before describing
the case study and the project’s context. The findings and the discussion are then presented to
contribute to the understanding of complex projects as self-organising networks. The paper
closes with research limitations highlighting opportunities for further research.

Review of Literature
A Network Approach to Understanding Projects

The conceptualisation of complex construction projects as numerous social networks,
whose structures evolve over time, i.e. ‘temporary systems’ (Chinowsky et al., 2010), has been
increasingly adopted by construction project management scholars as a useful theoretical
construct to study and visualise actors and their relationships (Pryke, 2012; Ruan et al., 2013;
Pryke et al., 2017). The work of Cicmil et al. (2006), Cooke-Davies et al. (2008), and Winter
et al. (2006) among others, emphasises the conceptualisation of construction projects as social
networks and how this might help in understanding project actualities. This is unlike Barnes’
(1988) idea of the ‘iron triangle’ that defines effective project management as a function of
achieving specified cost, time and quality, which focuses primarily on realising certain
quantitative measures but largely ignores the key drivers such as the role of relationships
between project actors and impact of communication processes on project delivery. The
conceptualisation of a project as networks provides ‘an opportunity to look at a wide range of
relationships between individuals and firms in a manner that is free from artificial boundaries’
(Pryke, 2012:9).

In response to the emerging perspective of viewing projects as network-based
organizations, SNA has witnessed increasing attention in construction project management
research over the past two decades which has covered different aspects and methodologies
(Zheng et al., 2016; Pryke et al., 2017). For example, Pryke and Ouwerkerk (2003) have studied
post completion risk transfer audits. They have underlined the benefits of adopting a network
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approach to map project relationships for effective risk identification and management.
Similarly, Styhre (2008) has explored the role of social capital in knowledge sharing. The study
has investigated the interpersonal relationships of a Swedish specialist rock construction
company. The conclusions have highlighted that project social networks are built around
professions and are activated when unexpected events occur. While these studies have
recognised the crucial roles played by the social relationships, they lack the application of SNA
tools and techniques, which could have provided fine-grained data that could be used to draw
practical conclusions and provide recommendations to improve design and delivery of future
projects. In a similar vein, Ruan et al. (2013) explain that there is a scant application of SNA
in the UK construction industry. At best, there is a limited use of the SNA measures mostly
relating to the general network attributes. Pryke (2012) advocates that despite the importance
of informal networks and its contribution to performance, they are rarely recognised and
understood by the organisations they are embedded in. This is a research gap and explains why
the majority of the SNA applications in the last decade have remained concerned with the
relationships that are formally prescribed by hierarchical organisational structures and/or
contractual functions/obligations (Pryke, 2012; Ruan et al., 2013). For example, the work of
Chowdhury et al. (2011) has highlighted the benefits of using SNA in bridging the gaps in
understanding the complex structure of the Public Private Partnership arrangements and
identifying the main structural features and the influential actors. Their analysis, however, was
limited to the formal contractual relationships between the parties involved in the agreements.

As project environments become dynamic and complex with the recognised importance
of many stakeholders including those that are external to the client organisations, a growing
body of research is adopting a sociological perspective and focus on informal relationships in
project environments that extends beyond the contractual relationships (Zheng et al., 2016).
Recent research such as Almadhoob (2020); Kania et al. (2020), Nowakowska-Cicio (2020);
Yang et al. (2019); Pryke et al. (2018); Steen et al. (2018) particularly focus on how
coordination between diverse actors can be achieved to facilitate successful project execution.

Despite the seminal contributions, network theories have often been criticised for not
being able to explain the emergence of collective actions (Salancik, 1995). Monsanto et al.
(2013) highlight the need to have a better-developed theory relating to the study of projects.
Winter et al. (2006) suggest that this entails moving away from the relatively abstract
conceptualisation of project activities towards a more practice and practitioner oriented
position. This brings our attention to a discussion of the Complexity Theory and the
conceptualisation of projects as evolving self-organising systems.

The Theoretical Basis
Application of Complexity Theory to the Study of Large Projects

Given today’s ever-increasing complexity and uncertainty, the mechanical
understanding of organisations has been challenged over the recent years by many researchers
(e.g. Cicmil et al., 2006; Handy, 1994; McMillan, 2006; Morgan, 2006; Pedler et al., 1996;
Priesmeyer, 1992; Senge, 1990). Of particular interest, are the works of Stacey (1996, 2003,
2007), Englehardt and Simmons (2002), Lewin and Regine (2000) and Pascale et al. (2000)
who have argued that organisations are Complex Adaptive Systems (CAS) with emergent
properties that result from the numerous interactions between their employees and/or other
stakeholders and external environments. This perspective is heavily grounded in the
Complexity Theory and provides a better insight into the structure and dynamics of evolving
organisations.

The Complexity theory suggests that coordinated activities with an inherent diversity,
such as large construction projects, have the capacity to trigger a self-organizing process
(Stacey, 2003). This transition occurs during the pre and post-contract phases of the projects
(Pryke, 2017; Addyman, 2020), and is often influenced by the presence of multiple parties with
different interests and values (Wild, 2002). This can lead to conflicting forces and consensus
problems, eventually pushing a system towards a transition phase not governed by the
contractual project life cycle (Stacey, 2003; Pryke et al., 2018). A project’s success after this
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transition relies heavily on the ability to manage unpredictable and nonlinear interactions
(Bertelsen, 2003; Geraldi, 2008; Almadhoob, 2020).

In reality, each agent acts based on their past experiences and expectations in the face
of uncertainty (Arthur, 1994). If their actions are successful, they are reinforced and reused, but
if they fail, new actions and thinking are developed, leading to evolution into a higher state.
This unpredictability and nonlinearity can also be influenced by individual human choices as
each person develops their own goals and actions to achieve them (Stacey et al., 2000).

Applying a Complex Adaptive System (CAS) perspective to the study of large
construction projects challenges the long-lived top-down agent-based models. The radical
change here is that instead of having a concentrated authority that requires a detailed pre-
planning, CAS implies having a dispersed authority where individual agents enjoy some sort
of a shared control (Coleman, 1999; Ford, 2008). This means that the agents have inherent
abilities to self-organise swiftly and freely without referring to any central or governing control,
but are based purely on the local knowledge available at such micro levels (Heylighen et al.,
20006).

However, putting such a model with a total freedom of action into an operation could
result in extremely unpredictable outcomes and hence to maintain the balance, it is
recommended that a composite of guidelines should be applied (Bertelsen, 2003). This is
revolutionary compared with just following a pre-engineered rigid approach with a series of
checklists or templates as it is usually the case with the pre-planned model (Bertelsen, 2003;
Geraldi, 2008). Hence, the CAS perspective challenges the detailed planning approach to
project management which assumes constant project goals over time (Fabianski, 2017
Almadhoob, 2020).

Complexity Theory can offer an integration capacity, opening up for a new perspective,
rather than having a piecemeal approach to the problem (Bertelsen, 2003). That is, the
Complexity Theory postulates that dealing with an adverse phenomenon, e.g. COVID-19
pandemic, leads to rapid technological adoptions and transformations across the industries.
Another example is the rise of an opportunistic behaviour, which is counterbalanced by other
forms of cooperative relationships which may emerge as a project progresses (Anvuur and
Kumaraswamy, 2008; Bertelsen, 2003). These emergent relationships are coined by the term
“informal organisations/networks” which have been found to rise above the prescribed
contractual boundaries (Anvuur and Kumaraswamy, 2008; Bertelsen, 2003; Dainty et al., 2007,
Pryke, 2012; 2017). The aim of such organisations/networks is to increase collaboration,
coordination and goal alignment in the temporary project team and also help to improve
problem solving, communication, fast track the processes, and expedite decision-making,
regardless of any financial incentives (Anvuur and Kumaraswamy, 2008; Bertelsen, 2003,
Coleman, 1999). The question is how does this self-organising look like in projects?

The Conceptualisation of Projects as Evolving Self-organising Systems

Self-organisation is defined as a nonlinear process of pattern formation that emerges
from the interactions between the agents at the local level in a bottom-up fashion (Heylighen,
2013; Mitleton-Kelly, 2003). The latter implies an environment with a weak command, i.e. the
process usually happens out at the organisational fringes where connectivity is dense with the
existence of many local interactions. The key engines behind such self-organisations are the
feedback loops as they can work to amplify some small events into global systemic phenomena
(McMillan, 2006; Stacey, 1996). These loops define a relationship of interdependency between
two or more components where the change in state of one element/actor affects that of another
with this effect then in turn feedback to alter the source element/actor (McMillan, 2006; Stacey,
1996).

The central role that feedback loops play in self-organisations is their ability to change
the correlations between the agents’ states within a system in order to coordinate them (Stacey,
2010). This type of mechanism is nonlinear and grows in an exponential fashion, through self-
reinforcing. As this process of change continues, the system will reach a point in time where
all the agents involved have correlated their states in some way, leading to a some form of
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global coordination based on the dynamic between competition and cooperation (Gherardi and
Nicollini, 2000; Gkeredakis, 2008; Stacey, 2010). This is an important feature of the concept
of self-organisation as it can transform systems to accommodate higher levels of complexity
(McMillan, 2006; Capra, 1996). This is especially relevant to the context of project activities,
as projects transition from the procurement stage usually aligned with the contractual conditions
to the delivery stage largely reliant on non-contractual networks of individuals working together
to realise project-related common goals (Pryke, 2012). Despite playing a crucial role to the
delivery of the project, these informal self-organising networks are usually not managed in
projects because they are largely invisible, i.e. have no contractual status (Pryke, 2017;
Almadhoob, 2020).

Saynisch (2010) suggests a complete evolutionary cycle of system structures in large
construction projects that goes through three phases. These are illustrated as in the phase change
diagram below (Fig. 1). Phase 1 in the diagram represents the initial structure which largely
mirrors the prescribed contractual lines of reporting and responsibilities. This formal structure
suggests a “static” mode of dyadic interactions between the contracted firms or individuals
(Pryke, 2017). However, over time, the involvement of complex and very tightly coupled
systems in large construction projects may lead to inevitable changes due to the higher levels
of uncertainty (Geraldi et al., 2010).

These, in isolation, would probably not have detrimental effects, but due to
unanticipated interactions of multiple factors, a system could be forced to enter into a transition
phase (Phase 2 in the diagram) through a co-creation process or otherwise disintegrate/get
destroyed. From the Complexity Theory perspective, this is the self-organising phase where the
system ‘transitions’ to another level of organisation. At this point, project actors cultivate on
their informal relationships and power positions to support the design and delivery of the
projects on a daily basis. The lower order system will collapse or bifurcate, and the result will
be a new structure with a greater level of adaptability and complexity (Phase 3 in the diagram).
This offers a framework to investigate the ‘self-organisation’ phenomenon in large construction
project from the lens of Complexity Theory. To avoid falling into the trap of being just
descriptive, operationalisation of the above model through the use of Social Network Analysis
(SNA) is discussed next.

Possible new levels

P + (not realised) |
/\ AN AN
....... vV V o

Absorbable events
(Fluctuations and
Bifurcations)

\

JaNVAY
Qg R

Complexity

l System disintegration (chaos) J

( System’s Resilience /Absorption Capacity )

Dynamic stability in Phase 1

Fig. 1: Phase Change Diagram: A Complete Evolutionary Cycle of System Structures Source: Adapted
from Saynisch, 2010:32-Fig. 7

Fundamental Concepts in Social Network Analysis
Drawing from a variety of research fields where researchers have examined a diverse
set of complex self-organising real-world networks, using SNA, complexity researchers (e.g.
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Hassas et al., 2006; Heylighen, 2011; Saha et al., 2015; Jackson, 2010) have observed that the
complex and self-organised networks typically exhibit a number of distinct structural
properties. These can be defined statistically using SNA and described as follows to provide a
core working vocabulary and remove any ambiguity concerning the way they are applied in
this research:

Actors are “discrete individual, corporate, or collective social units” (Wasserman and
Faust, 1994:17). Graphically, these are represented by nodes. In this study, this term is given to
the individuals involved in the project communication networks rather than the firms. This is
because analysis of the informal communication project networks entail focusing and collecting
data on the individual level rather than firms or organisational level. This is further underpinned
by the fact that the construction industry is essentially a multi-disciplinary people-intensive
arena which exhibits a high reliance on informal conversations and interpersonal
communications in order to coordinate and facilitate daily activities, problem solving, and
decision making (Hastings, 1998; Pietroforte, 1997; Middleton, 1996).

Relations are “the collection of ties of a specific kind among members of a group...The
defining feature of a tie is that it establishes a linkage between a pair of actors” (Wasserman
and Faust, 1994:20). Graphically, these are represented by links/connections. This research
seeks to look at a number of different types of relationships between project actors involved in
the resolution of the issues encountered at the detailed design stage of a project. This will allow
investigating the evolving nature of project networks in response to the changing events and
circumstances.

A path length refers to the number of connections between the actors. It is an important
measure in project communication and information exchange networks, as it affects the speed
of communication, problem resolution, and adoption of new technologies or innovations
(Wasserman and Faust, 1994; Pryke et al., 2018). Long, average path lengths imply that
information go through several intermediaries and take more time to be delivered. Hence, the
potential for information bias, hoarding, filtering and controlling increases and affects
negatively the information flow (Wasserman and Faust, 1994; Scott, 2017).

Network Density is “a concept that deals with the number of links incident with each
node in a graph” (Wasserman and Faust, 1994:101). It can be expressed as the total number of
links present between the nodes in a given network in relation to the maximum number of links
theoretically possible for that network (Pryke, 2012). This measure indicates network
connectivity - i.e. Generally speaking, high density means an overall good connectivity or
cohesion while low density could indicate network fragmentation (Pryke, 2017; Goddard,
2009) and thus provides a comparability measure between the networks of comparable sizes
(Pryke, 2012; Scott, 2017). It also indicates the speed at which a spill over effect or information
diffuses within a network, the degree of reciprocity, trust, and cooperation between the actors,
and hence whether they have high levels of social capital or constraints. That is, the flow of
information and exchange through multiple channels, allows the cross-checking of information
as a basis for establishing reliability and trust, and thus supports their adaptive resilience
through multi-connectivity (Lizardo and Pirkey, 2014).

A “Small-World” Property resonates the famous ‘six degrees of separation’ theory
which suggests that average distance between everyone on the planet is only six
handshakes/steps (Powell et al., 2005). That is to say self-organising networks are characterised
by a relatively short average path length and a high clustering, i.e. the tendency of actors to
concentrate their ties within certain groups (Baker, 2014; Watts, 1999).
These characteristics result in networks with unique properties of regional specialisation and
efficiency (Watts, 1999). This property also entails that a change in one node can rapidly
propagate to the rest of the network. As a result, a network can swiftly react to perturbations or
innovations. Although these characteristics make a given network surprisingly robust in facing
the random removal of nodes in a counterpart, they make it extremely vulnerable to any
strategic removal directed to nodes with a high connectivity (Hassas et al., 2006; Lizardo and
Pirkey, 2014). The latter eventually could lead to network dysfunction, meaning a small-world
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property can also be viewed as a “dyadic liability” rather than just a “diffuse strength” (Lizardo
and Pirkey, 2014; Prell, 2012).

Clustering or high clustering is the reason behind small-world property. This stems
from a distance-based cost structure, i.e. nodes that are closer or more similar (e.g. co-location,
co-membership, co-participation, sharing attributes) find it cheaper to maintain links to each
other leading to high clustering (Borgatti et al., 2014). Borgatti et al. (2014) assert that such
properties provide the conditions to maintain the system functionality as well as its holding
capacity by creating ‘inertia’ to resist change.

In summary, the theoretical background discussed Complexity Theory and argued that
project management has not kept pace, both theoretically and methodologically, with rapidly
increasing complexity in large projects. Hence, the need for a new way of thinking.

This paper puts a great emphasis on the conceptualisation of projects as evolving self-
organising networks. This is an uncharted area in the construction industry that holds a
considerable promise for addressing complexity and delivering better outcomes for the clients
and the stakeholders. It stresses on the need to focus upon relational and social aspects of
projects (i.e. peoples’ processes) as a means of understanding the non-linear, complex, iterative
and interactive processes that projects constitute. The argument that self-organising networks
are to be found primarily in the invisible area of organisational structures necessitate the use of
a network approach and SNA measures as analysis methods.

Research Design

The broader ontological debate of this research is that project organisations are actually
structured as networks. Its epistemology is how the structure of project organisations can be
understood as a self-organising network. Hence, the primary object here is informal self-
organising networks that are concerned with ‘how to get the work done’. Therefore, it adopts a
‘practice-centred epistemology’ to the generation of new knowledge, seeing practice and theory
as mutually constituted (Jarzabkowski et al., 2010; Sandberg and Tsoukas, 2011).

A practice-centred methodology recognises the interdependent and context-creating
relationships between macro- and micro-levels in organisational settings (Knorr-Cetina, 1981).
The underlying interactions at the local levels are spontaneous and contribute to the co-creation
of the whole context as it is folding. That is, actors always are working together in a dynamic
relationship to co-create their world "for first time" (Garfinkel et al., 1981); i.e. peoples’
processes affect the evolution of informal networks. SNA can provide a novel understanding
of the invisible, self-organising aspects of project organisations and thus it can be used as a
means of understanding how projects are actually delivered in practice through the use of
information exchange networks and how they can be analysed and managed. This approach
offers a more fine-grained approach more closer to practice-centred project management, as it
focuses mainly on what people actually do to get the work done, by way of informal behaviour,
rather than what their official mandate dictates.

Drawing on the project management context rather than management per se, the
paradigm of this research is placed within the relationship approach that “views managing
social relationships as a means to manage and add value to, and through, projects. It is based
on social theory and tends to focus upon effectiveness [...]. The approach is theoretically
diverse and certainly not linear in thinking, and arguably has the broadest definition of
managing projects of all the paradigms” (Smyth and Morris, 2007:425).

This necessitates an in-depth analysis of a specific project in its context. Therefore, a
case study approach was adopted, aiming to investigate informal project delivery related
communication networks in a complex and temporary project environment. The studied case,
data, and context are explained next.

The Case Study, Data, and Methodology

The Bank Station Capacity Upgrade (BSCU) project was a complex infrastructure
project led by the London Underground Limited (LUL), a subsidiary of Transport for London
(TfL). It was part of a larger program of major station capacity projects and aimed to
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accommodate the significant increase in passenger demand at the Bank Underground station.
Over 250 engineers and staff worked daily on the project while the station remained open to
the customers. Due to the project's complexity, it was not possible to establish a complete
information exchange network. Therefore, a nominalist approach was taken, which narrowed
the focus to the detailed design phase of the project, within the timeframe of a knowledge
transfer partnership (KTP) between the University College London (UCL) and TfL. The KTP
lasted for two years from 2014 to 2016 and was conducted as part of a consultancy study.

Despite its complexity, the BSCU project is a unique case study for TFL, as it is part
of a several pilot projects focused on promoting collaborative working arrangements to reduce
project risks and costs. The project team used a novel procurement approach called Innovative
Contractor Engagement (ICE) to reduce project uncertainty and overcome the challenges
causing time and cost overruns—a common problem in the industry (TfL, 2014). The BSCU
case study highlights the importance of the ICE Procurement Model for creating value for
project sponsors through a collaborative and relational approach. Instead of following the
industry norms, ICE requires pre-qualified contractors to share innovative ideas with the client
during a protected dialogue phase. This occurs early on, in the project timeline and before the
invitation to tender, allowing for the maximization of design-and-build ideas and their long-
term social benefits. This approach focuses on trade-off value criteria against the most
"effective product" and "efficient method" as opposed to the traditional iron triangle of cost,
time, and quality. As a result, the proposed solutions by bidders can diverge from fixed project
requirements and designs imposed with traditional procurement approaches.

Collection of data focused on the communication between all parties involved in the
detailed design of the BSCU station box and the new ticket hall. The design accountability is
clearly defined in different design packages. The project involves various disciplines such as
design, construction, operation, and maintenance, and has specific cost, time, and risk codes
associated with it (Pryke et al., 2017). A BIM/CAD model was used to clarify the physical
boundaries of the work package to all the participants, which helped to delineate a clear network
boundary and capture the maximum inter-organizational interactions. Data was collected using
a questionnaire in two different stages of the project and used to determine the connections
between the project team members and categorize the direction, quality, and type of
communication, whether formal or informal. The participants were asked to specify the people
they communicated with in the past four weeks regarding the resolution of any problems. To
define the relationships between the two actors, different forms of communications such as
face-to-face discussions, letters, phone calls, and emails were taken into consideration. Seven-
point Likert scales were utilized to assess the quality and frequency of communication.
Following Pryke's approach (2012), the quality of communication was evaluated on five
parameters: importance, accuracy, timeliness, clarity, and trust.

The questionnaire also sought to categorise BSCU interdependent networks into four
types or layers, namely: information exchange, discussion, instructions, and advice; hence
focusing on a multi-layer investigation (Borgatti et al., 2009). This is justified since informal
human relations might be classified by the nature of the interaction (Krackhardt, 1997). A 100%
response rate was achieved, ensuring that the results properly reflect how the project was
delivered. Table 1 below summarises the sample size of the study during the two stages,
organised based on their organisational affiliation.

The data collected through the questionnaire was stored in a NoSQL database called
MongoDB. The data was retrieved from the database, entered in the igraph package in RStudio
software (Csardi and Nepusz, 2006) for network construction. A weighted network was created
using the collected data which was then exported to Gephi and UCINET for quantitative
analysis and visualisation. key SNA measures were used to analyse the issue resolution project
networks at the two stages. That is, by analysing and comparing network characteristics—
number of nodes and links, Density, Average Path Length, Average Clustering Coefficient, and
the actors’ Average Weighted Degree Centrality.
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Table 1. The Sample Size of the Study at Stage One and Stage Two of the BSCU Project, Organised
based on their Organisational Affiliation
Source: Author

Organisation Stage One Stage Two

Alan Auld Engineering Ltd 7 6
Byrne Bros 2 2
Dr Sauer & Partners 10 14
Dragados 42 51
Fourway Communication 2 2
Geocisa 2 2
Geotechnical Consulting Group 1 1
Hyder Consulting 3 4
Keltbray 1 1
McNicholas 0 6
Munellys 0 1
Robert Bird Group 12 16
Scott Lister 3 4
T Clarke 16 21
Transport for London (TfL) 45 51
URS Infrastructure & Environment UK Ltd 7 4
Vision Survey 1 2
Wentworth House Partnership 1
Wilkinson Eyre 7 8

Total Number of Participants 162 197

Fig. 2 below illustrates the data collection timeframe. It captures the key events
encountered in the detailed design phase, described as “some of the toughest challenges” by the
project manager. These datasets, therefore, lend themselves to being crucial in understanding
the self-organising concept and how actors behave to respond to project issues and
risks/uncertainty faced. This becomes evident by studying the evolving nature of the BSCU
networks by highlighting the structural changes between the two stages of the project, i.e. how
the project actors and their interactions are co-created and/or terminated. These changes start at
the local level and cascade to affect the global network structure, its functions and outcomes
(Scott, 2017). This implies that there is a complex interplay between the individual behaviour
and the structural characteristics.

The details of the key events encountered (i.e. context) through the two stages of the
project are as follows.

Stage 1 Stage 2

Construction sequence
changes implemented. New

Pile clashes
identified

1,

Dec 2014

Scope change issued
FE modeling commenced

1

April 2015
1

design changes identified
and implemented

r T
Oct 2014 J{

Alternate design
Prepared and
evaluated

Design change
developed

Design change
proposal submitted
and agreed

T T
Feb 2015

Design change|
implemented

i
T L]

l

Delays mitigated, Possible
change in construction
sequence identified

1 T i >
T

T
June 2015

Design change control,
Construction sequence
changes done

Nov 2014 Jan 2015 Mar 2015 May 2015

Fig. 2: Data Collection Timeframe.
Source: Adapted from Pryke et al., 2017:34-Fig. 3

Social Network Analysis (SNA) can only provide useful information and a
comprehensive understanding of a situation when combined with qualitative data. Since the
researcher did not have direct access to the original research participants, they utilized two main
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qualitative approaches. First, they identified the key informants who have had first-hand
experience with the project and its actors, providing insights into the events that led to the
changes in the communication patterns. The informants included the TFL project manager and
the Knowledge Transfer Partnership team consisting of three research associates specialized in
project management and social networks. They spent almost six months collecting data,
including one hundred and thirty-one management meetings and seventy-nine interviews.
Second, the researcher was granted access to project-related documents such as governance
documentation, internal periodic meeting reports, and the TFL project manager's case study
narrative on the project. These documents provided a holistic understanding of the project's
wider context, specific practices, organization, people’s processes and how it performed during
different project stages. The combination of these qualitative approaches helped to establish a
better understanding of the underlying interactions between project actors, "re-constructing”
the reality of the project from the perspective of those involved.

In summary, the qualitative research methods used in the project provided a
retrospective perspective on events as they were unfolding, and were affirmed by the key
informants (Fabianski, 2017). Using both qualitative and quantitative data enhanced the
research and facilitated cross-verification. The fine-grained structure of the data increased
credibility and validity, supporting mathematical analysis and boosting confidence in the
research findings (Barratt et al., 2011; Steen et al., 2018).

Findings and the Discussion

This section provides evidence that the BSCU project can be considered as a self-
organizing network by examining its communication networks. The study utilizes complex
systems probability distributions as a fundamental quantitative approach, which serves as a
straightforward yet practical tool for describing the patterns and features of the project's
organization (Sornette, 2009; Castellani and Rajaram, 2016). Examination of the BSCU
informal networks at both stages, reveals a fat-tail, skewed-right degree distribution. This is
most commonly observed in complex systems compared to the normal distribution usually
found in the correspondent random networks (Castellani and Rajaram, 2016). The findings of
these basic SNA measures are presented in the Table 2 below, calculated using UCINET
software.

Table 2: BSCU Network Basic Measures.
Source: Author

Measure BSCU - Stage One BSCU - Stage Two
Number of Nodes 162 197 (22% growth)
Number of Links/Ties 1440 2207 (53% growth)
Network Density 0.055 0.057
Average Path Length 2.668 2.549
Average Path Length — Random Network 2.6 2.5
Average Clustering Coefficient 0.384 0.416
Average Clustering Coefficient — Random Network 0.057 0.059

The table above shows that the BSCU project networks possess characteristics of a
"small-world" network. This is because their average clustering coefficient, as per the model
proposed by Watts and Strogatz in 1998, is notably higher than that of a randomly generated
network with the same number of nodes, while their average path length is roughly equivalent.
This creates a well-clustered network wherein short paths or direct links connect clusters or
groups. This sort of small-world structure is frequently observed in many different self-
organizing networks, such as those described by Wagner and Fell (2001), Newman (2001), and
Braha and Bar-Yam (2004), among others. The BSCU networks share these same features,
which facilitates the quick dissemination of information essential for efficient coordination and
issue resolution.
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The number of actors (nodes) increased by approximately 22% from stage one to stage
two, going up from 162 in the stage one to 197 in the stage two. This increase was due mainly
to the appointment of new resources from the project controls and commercial management
disciplines, which were brought in to mitigate the reported design delay from several disciplines
and to support the input for the public inquiry. As the number of nodes grew, so did the number
of connections, which increased by 53%. This indicates that changes were made to network
topology and resources. Despite this growth, density remained flat, which shows that network
actors were able to quickly adapt to the new structure by maintaining and/or establishing new
connections with those who could help get the work done.

As part of the research questionnaire, participants were asked to classify their
communication activities into four distinct types: instructions, advice, information exchange,
and discussions. This framework was proposed by Pryke (2012) for the purpose of studying
multi-layer networks. Table 3 summarizes the basic measurements of the BSCU sub-networks
or layers, in terms of size (i.e. the number of nodes and connections) and density. These key
findings illustrate the distinctive qualities of each communication layer and help to elucidate
the multi-layered nature of the co-existing project networks, which exist simultaneously within
a non-linear, self-organizing system.

Apart from the instruction layer, the measures of the BSCU sub-networks highlight that
the increase in nodes was associated with an increase in connectivity while the density remained
almost flat. This is in line with the earlier results for the whole BSCU network. It suggests that
the topologies of the sub-networks have changed between the stage one and the stage two, given
the introduction of the new actors who have adopted quickly to the new environment,
establishing new connections with the rest of the team. Information and advice layers reported
the highest growth scores. This is explained by their crucial role in the situations requiring the
problem-solving techniques, such as those encountered at the BSCU (Pryke, 2012).

The Instructions layer stood out from the rest in the sense that growth in nodes was
associated with a reduction in connectivity and hence density. This is an interesting result.
Pryke (2017:96) explains this by arguing that “the issuing of ‘instructions’ is one of the few
types of communication referred to in forms of contract for delivering construction or
engineering projects”; hence suggesting a formal approach to communication. Actors involved
in the Instruction layer are usually assuming managerial positions, given the nature of their
order-based communications (Pryke, 2012). It can be concluded therefore that other actors at
the stage two were resistant to engage through formal channels. They preferred establishing
more informal relationships in response to the higher uncertainties/risks faced. Such
disengagement by the managers also indicates a shift in decision-making power from
formal/contractual arenas towards the informal ones available at the local levels; hence,
constraining contractual roles of project managers.

This high-level analysis of the sub-networks demonstrates the non-linearity of the
BSCU project communication networks. This arises from the non-additive nature of these
different communication layers when combined and studied as a single-layer network. It is also
an indication of co-existence, where actors are simultaneously engaging in different layers to
satisfy their communication needs. Hence, peoples’ processes are crucial elements affecting the
dynamics of informal networks. Moreover, a non-linear growth between the stage one and the
stage two was observed across the different communication layers. That is, the number of nodes
or links increases nonlinearly with time (Bauer and Kaiser, 2017).

Table 3: Basic Measures of BSCU Multi-Layered Networks at Stage One and Two, Nodes are
sized by Betweenness Centrality and Coloured by Organisations.
Source: Author
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Additional basic measures are calculated for the BSCU multi-layered networks at both the
stages, as follows:

Table 4: Key Characteristics of BSCU Stage One and Two Multi-Layered Networks.
Source: Author

Layer Name Ave. Weighted Degree Ave. Path Length Ave. Clustering Coefficient Density

Stage 1 Stage 2 Stage 1 Stage 2 Stage 1 Stage 2 Stage 1 Stage 2

Whole BSCU 0.661 0.885(1) 2.668 255(]) 0.384 0.416 (1) 0.055 0.057 (1)
Network

Information 0.326 0.5(1) 3.098 2.75(]) 0.209 0.225 (1) 0.035 0.037 (1)
Exchange

Discussion 0.298 0.382 (1) 3.001 293(]) 0.213 0.252 (1) 0.035 0.035 (-)

Instruction 0.209 0.181 (1) 3.557 3.65(1) 0.092 0.071(y) 0.024 0.018(4)

Advice 0.098 0.121 (1) 4.001 468 (1) 0.03 0.03 (-) 0.019 0.016 (1)

(1) indicates a growth between the two stages, (|) indicates a decrease between the two stages; (-) indicates no change

The basic measures of the BSCU communication networks indicate that the network
characteristics are quite comparable for both stages at the overall level. However, a closer look
at the sub-networks reveals that each single layer has its own specific characteristics that
represent a specific social dynamic.

The Table 3 shows that Information Exchange and Discussion layers had the highest
network sizes (i.e. number of nodes and links). It means that the BSCU communications in both
the stages were concentrated at these two layers. This is expected as Information and Discussion
layers usually prevail in projects since they are centred on problem-solving (Pryke, 2012) and
conceptualised as information processing systems (Winch, 2002). Apart from the Instruction
layer that largely represents formal communications, the BSCU stage two networks also
reported an improved connectivity. This is evident in the higher degree scores. Given the
relational nature of the ICE approach, the results support those demonstrated in Pryke (2012),
stressing on building collaborative relationships to facilitate knowledge transfer and the
exchange in response to the project complexity/uncertainty. The low degree score of the
Instructions layer, on the other hand, implies that this form of communication was discouraged
as the main method because it could defeat the purpose of adopting a collaborative procurement
model. These findings are opposed to those envisaged by the Joint Contracts Tribunal which
promotes the use of the standard form of construction contracts in the UK, that are structured
around the allocation of risks between the parties and using instructions as the primary form of
communication (Pryke, 2012; Higgin and Jessop, 1965).

The scores for the average path length were found to be below 5 degrees across all the
BSCU networks and layers. In fact, the whole BSCU network remarkably scored just above 2.5
degrees at both stages. This is lower than the 6-degree average path length between the two
nodes in a random network (Watts and Strogatz, 1998). This finding means that the ICE model
was successful to bring the BSCU actors closer to each other, enhancing access to the resources.
This is a key benefit in adopting a relational model because project teams must make decisions
in a constant manner given the ongoing internal and external developments (Tsoukas and Chia,
2002). That is, in large projects, actors usually do not have the luxury of time or the capacity to
go through a lengthy process or carefully analyse all the issues involved (Tsoukas and Chia,
2002).

Table 2 shows that BSCU networks have clustering coefficients much larger than those
of their corresponding random networks of equal size. This highlights the network inherent
tendency to form tightly knit groups characterised by a relatively high density of ties (Watts
and Strogatz, 1998). Investigations of clustering coefficients at the sub-networks level
highlights that Information Exchange and Discussion layers have comparatively high scores
compared to the others (Table 4). This is an indication of the higher nodes’ embeddedness at
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these two layers. It means that adoption of the ICE model helped to foster collective
participation and collaborative decision-making. This is a key benefit as it implies that different
views can be heard, and control and authority are better distributed. Every agent therefore can
take part in the process (Stacey, 2010). The increased level of average clustering coefficients
in the stage two also indicates that the actors have evolved to operate relying more on the
collective participation and knowledge. This finding is supported by the increased level of trust
observed at the stage two, as highlighted by the questionnaire results. On the other hand, the
relatively low clustering coefficient at the Instruction layer, which consists largely of formal
communication, indicates to some extent the existence of the so-called structural holes. This
can be understood as a gap between the two individuals who have complementary sources to
information (Pryke, 2012). It means that formal communication was inadequate at both stages
of BSCU, adversely impacting its effectiveness.

Reflecting on the issue from several sources and particularly from the project periodic
reports (October 2014 — June 2015), it is revealed that the identified pile clashes in the stage
one weighed heavily on the delivery programme. However, this issue was eventually solved
resulting from the emergence of coordination due to the increased level of trust between the
project participants. Particularly, the disengagement of the project management team in
resolving the pile issue suggests that they have trust in the competence of the designers and
engineers to self-organise. This is explained by the TfLL Project Manager during the interview:

‘My reflection is that the engineers and the designers sorted it out, once they
have kind of clicked, it was sorted. As a senior management team, we weren'’t
really that kind of worried about the issue [i.e. pile clash identified in stage
one], as we had the confidence in the engineers that they will get on with it’.
TfL Project Manager, Interview

The high clustering coupled with high connectivity of Information Exchange and
Discussion layers indicates that the actors at the BSCU project tend to discuss and exchange
information in (more or less) stable groups (Borgatti ef al., 2018). Such groups provide a forum
in which the actors can shape the rules and norms of engagement, and deliberate and articulate
their agendas to solve the encountered issues (Stacey, 2010).

This may also indicate the success of the ICE approach in bridging the gap between the
project participants (and supply chain tiers) through the integrated team approach. It facilitated
a more collaborative and collective approach to decision-making and problem solving. In other
words, through the ICE approach, the client managed to facilitate the co-creation of a project
culture designed to encourage shared practices and decision-making (Silvius and Karayaz,
2018). This has led to the creation of a project collective power emerging organically from the
core design-delivery team involved in the front end as part of the ICE approach and grows
stronger the more it is used (Gaventa, 2006). Such a collective approach creates new
possibilities from the very differences that might exist in a group and find a common ground
among the different actors, reducing the social conflicts and promoting equitable relations
(Gershenson, 2007).

Results have shown that project networks, from both single-layer and multi-layer
perspectives, are characterised by very low density (i.e. they are sparse networks). This clearly
reflects the relational basis of the ICE collaborative approach where global non-hierarchical
nature of communication is expected to succeed. These low scores also indicate fragmented
communication and decision-making processes (Goddard, 2009). Given their non-hierarchical
nature, BSCU networks therefore can be considered loosely coupled systems (Weick, 1976;
Dubois and Gadde, 2002).

This is an interesting finding. It suggests that there is no single group or actor in full
control and thus managers, for example, have low levels of power to exert on the network as a
whole. This is in line with the definition of the self-organising systems highlighted in the
literature review earlier. BSCU networks are found to be no exceptions. When unexpected
issues/events are encountered, responsibilities are distributed among the loosely-coupled
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actors, functions, and network layers, despite the tightly-coupled nature of the tasks and
interdependencies in large complex projects (Duggal, 2018; Dubois and Gadde, 2002).

The same characteristic of low density has also been observed by Pryke (2012) when
partnering arrangements were investigated. The latter are known for having non-hierarchical
project networks, promoting trust, long-term relationships, openness, etc. Furthermore, it is
observed that the density scores of Information Exchange and Discussion layers are the closest
to the whole network’s density score. However, the overall density is not determined by a
simple addition of the sub-networks/layers. This finding supports the nonlinearity of the project
networks as the whole is greater than the sum of its parts.

Conclusions

Although there is a growing body of research concerned with the Complexity Theory
and self-organising behaviour, very little has been done to focus on construction project
networks. As a result, there is a lack of awareness and understanding on how these systems are
established and coordinated, how they evolve and decay, and the changing nature of roles that
are acquired to support or constrain the design and delivery of the large projects. This dearth of
research means self-organising project networks are usually not facilitated or managed in
practice. This article demonstrates how the concept of informal networks can be located within
a context of managing complex projects. This has yielded a number of important contributions
to the literature as well as the practice of project management.

First, it enriches the research of self-organising networks within the construction
industry, specifically in the infrastructure sector. This was achieved by empirically analysing a
case study of a large complex project using SNA tools and techniques. This allows exploiting
this analytical method to transform the Complexity Theory (which has a high level of
abstraction especially for the practitioners) into an applied science.

Second, self-organisation expands application of the Complexity Theory by taking into
account the informal interpersonal relationships. Such complementarity helps explain how
things work in a broader system (covering both formal and informal relationships) that is not
always recognised, especially in project management. This highlights the importance of social
aspects and the peoples’ processes, as a factor affecting the establishment of effective project
delivery networks and their evolution and maintenance over time. Therefore, this finding
recognises that socialisation is important in forming relationships in the complex and uncertain
environments which most large construction projects constitute.

Third, the study of self-organisation gives precedence to ongoing change over stability.
This necessitates challenging the predetermined and prescribed forms of organisation and
rational-based project management approaches. It entails understanding how people collaborate
to deliver projects in an increasingly complex environment, rather than being constrained by
the hierarchical-based terminologies or an array of discrete systems, such as those dedicated to
the management of value or cost or design.

Forth, the ICE procurement model was highlighted as the key feature of the project. It
is an innovative model based on a relational approach, focusing primarily on the creation of
value for the project sponsor. The process of ICE happened early in the project life cycle at the
front-end, even prior to invitation to tender. This was found to play a crucial role in shaping the
communication networks as they emerge. This suggests the crucial role of formal organisational
structures, that are based on relational approaches, at the front-end. These are found to be able
to shape the project environment and power relations significantly, yet do not determine them
entirely. Contextual circumstances and individual behaviours are therefore crucial elements that
should always be considered.

Finally, the research has demonstrated the appropriateness of using a network approach
to investigate the operation of complex infrastructure project networks. SNA has proved to be
useful to project managers as it allows the identification of the invisible (i.e. self-organising
aspects of project organisations), project network functions, structures, dysfunctions, and also
enables evidence-based interventions to improve project execution. In particular, the study of
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the information exchange networks offers a more fine-grained approach that is more close to
practice-centred project management.

Limitations and Further Research

This was a study of a single case and a single life cycle phase utilising the SNA tools.
This brings limitations in data collection for SNA research especially in such large and complex
projects. A method that is a time-consuming and requires a high-level of granularity. It is argued
however, that the use of a secondary dataset offered an opportunity to conduct a long-term
research, since it was collected at two different stages. This responds to the rare use of such
research approaches in SNA studies, to understand the development and evolution of
organisational networks, as highlighted recently by several researchers (e.g. Williams and
Shepherd, 2015; Jackson, 2010; Borgatti et al.,, 2014; Steen et al., 2018). Hence, this paper
contributes to more recent efforts to bridge such methodological research gaps.

The unique and temporary nature of the construction projects (i.e. in terms of their
context, scope, location, etc.) means that limitations have to be accepted in relation to the
generalisability of research findings. This is a common issue in the study of projects and was
partially mitigated in this study by focusing on the ways in which organisations are
conceptualised rather than looking into specific configurations of project organisations. In this
way, the study sought to deepen the understanding of self-organising networks in the field of
project management. It suggests that self-organising networks are ubiquitous in large projects.
It thus identified several features that can be applied and tested in other cases. These can
potentially identify repeated interactions and recognisable patterns across different projects.

In today’s business environment, the pace of change and the contexts in which the
projects are delivered are becoming more complex, uncertain, and dynamic. While this study
investigated only two discrete points of time, it misses the true dynamic ongoing changes,
happening in between the two datasets. To mitigate this issue, reflections on the data supported
by the project documentations and follow-up discussions were used in this study. However, it
is acknowledged that this could only approximate the continuously changing process. That is,
networks are not static, but evolve as actors intentionally and unintentionally change their
relational patterns by activating or terminating their ties to other actors (Schipper and Spekkink,
2015). A cross-case analysis using multiple case studies and perhaps from more than one life
cycle stage will allow research to go beyond the contextualising factors and draw new
conclusions based on recurring observable patterns across cases/projects; hence addressing the
issue of the generalisability of the findings.

Using SNA provides a powerful tool to analytically apply the practice-centred
methodology. While this study adopted this approach, SNA measures are still not used in full.
This is a promising area for both researchers and practitioners and it would be interesting to study
how the SNA dimensions are reflected in practice by using a detailed process research design
based on mapping and measuring of deliberation.
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